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ABSTRACT 

Concfct gen* therapy strategies far fnducfng apoptosis In solid tumors 

may allow contemporary medicine to reassess its management af these 
cane era. Wo demonstrated previously that overcxpresBton of the wUd-type 
pS3 gena hi squamous cell carcinoma of the head and neck etJI lines via 
8denovtrus*mcdfotcd gene transfer suppressed growth batu in vitro and to 
Ww. Here, we characterize the mechanism of Iht growth suppression by 
the exogenous />53 gene as a consequence of programmed cell death 
(apoptotfs). One of the cell lino used in this study, Tu-138, harbors a 
mutated p53 gene, whereas the other cdl lino, MDA 686XN, possesses a 
wild-type pJJ gene. DNA fragmentation was detected by electrophoresis In 
boih ceil lima after Infection with the wild-type pJJ adenovirus, AdSCMV- 
p53. With Ihe use of the terminal deoxy nucleotidyl transferose-mcdiated 
dUTP-trfotin nick end-labeling method, 4A% of the remaining viable 
Tu-IJB cell population was identified as epnplotfc as early as 15 h after 
inoculation with Ad5CMV-p53, The percentage or apoptotie crib in- 
creased to 31% at 22 h. In contrast, only 10% of the viable MDA 686LN 
cells (wt?5J) hod undergone apoptosis 30 h after Ad5CM V-p53 infection, 
although the percentage of Opoptolic cells rapidly increased to 6*0% at 4$ 
h after Infection. For fa viva analysis of apoptosis, nude mice in which 
squamous coll carcinoma of the head and neck celt lines had been Im- 
planted s.e. had exogenous wt-pSJ transiently introduced to tot tumor 
ccrh via AdSCMV^ 2 days later. In situ end labeling clearly illustrated 
apoptosis In the tumor cells. Thctc results suggest that wt-p$3 plays an 
important role in th* Induction of apoptosis in human head and neck 
cancer cril lines and (hat selecliye induction of apoptosis in cancer cells 
can be further explored as a strategy for con'c&r gene therapy. 

INTRODUCTION 

Balancing the rates of cell proliferation and cell death is import am 
in maintaining normal tissue homeostasis. Disruption of this balance 
may be a major factor in the nmltistep process of tumori genesis, and 
inhibition of apoptosis, or programmed cell death, is one cause of this 
disruption. Apoptosis also occurs during normal embryogenesis, in 
Ihe course of normal tissue turnover, after withdrawal of a trophic 
hormone from i& target tissue, and in thymic regression, offering 
excellent opportunities to study the apoptotic process. We contend 
that the most promising new therapies for solid malignancies arc 
interventions at the molecular level, and that selective induction of 
apoptosis in these cancers is a logical intervention strategy. The gene 
or genes that may induce cancer cell apoptosis continue to be inves- 
tigated, as do the methods for gene transfer. Presently, adeuovirus- 
mediated gene transfer is our clinical method of choice for such 
interventions because of its known tropism for the epithelium of the 
aerodigestive tract, its excellent transduction efficiency, (he transient 
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nature of gene expression in the cells it infects (lack of permanent 
integration), and its ability to infect nonproliferating cells. The p53 
gene also continues to be of interest as a molecular therapy for some 
solid malignancies. 

p53 was originally discovered through its association with the 
SV40 large T antigen (1, 2). The importance of the pS$ gene product 
in human neoplasia was first recognized a few years ago when mutant 
forms of the gene were identified in human colorectal tumors. Sub- 
sequently, p5S mutations have been ideniined in the majority of 
human malignant solid tumors, including those of the breast (3), colon 
(4), lung (5), and oral cavity (6). Several studies have demonstrated 
the ability of the wt-/>5J* to suppress cancer cell growth both in vitro 
and in vi'vo, suggesting that it acts as a tumor suppressor gtne. The 
suppression of cell growth by p53 is mediated by two distinct path- 
ways, one transient and one permanent* In the case of transient 
suppression, p53 serves as a cell cycle checkpoint regulator. Overex- 
pression of wt-pJi has been shown to induce a reversible cell cycle 
arrest at the G t -S boundary (7, 8). in other instances, p53 may induce 
apoptosis when overexpressed in some cultured cells (9, 10) and is 
required tor DNA damage-induced apoptosis in mouse thymocytes 

on 

We reported previously that overexpression of the wt-pii in 
SCCHN cell lines induced via ade/iovirus*mediaied gene transfer 
suppressed growth both in vitro and in vivo (12, 13). Here, we sought 
to examine the mechanism of this growth suppression- Our data 
indicate that the suppression effect, both in vitro and in vivo. Is ihe 
consequence of an irreversible event, apoptosis. 



MATERIALS AND METHODS 

Cell Unea nnd Culture Conditioner Recombinant Adenovirus Prepara- 
tion and Infection. Homan SCCHN cell tines Tu-138 and MDA 685LN were 
all established ot ite Dcporonent of Head and Neck Surgery, M. D. Anderson 
Cancer Center, and had been characterized previously (12, 13). All procedure! 
were performed and cell lines maintained as described previously (12, 13). Cell 
growth oswys were performed in triplicate. 

DNA Fragmentation Analysis. After incubation with AdiCMV-pii or 
replica tiorj^defective adenoviral controls at various time intervals, cells were 
harvested and resuspended f D 300 Ml of P0S, to which 3 ml of extraction buffer 
(10 mM Tris (pH fi.0)-O.l w EDTA-20 fig/ml RNAse-OJ% SDS] wert added 
before iocybation at 37°C for 1-2 h. At the end of incubation, proteinase K was 
added to p final concentration of 100 *ig/rol, and the solution was placed in a 
50°C water baih fox ot least 3 tu DNA was extracted tmae with an equal volume 
of 04 m Tris (pH 8.0)-«aMrated phenol and then again with phenoVdilomform. 
Precipitated DNA was analyzed in 9 1% Agarose get 

Cell Fixation. Before the TUNBL method was used to identify epopiotic 
cells, the cells were fixed in 1% formaldehyde in PBS (pH 7.4) for 30 mm on 
ice. Cells were then washed with 3 ml of PBS, resujperjded io 70% ice-cold 
ethannl, nnd stored at -20"C until used. For cell cycle analysis, cell* were fixed 
in 70% ice-cold cihanol only. 



3 Too abbreviations used we; w\- p S3, wld-fype pJJ; SCCHN, squamous cell cirri- 
noma of tbfl bfisd and teck; TUKfiL. tctmrnal deoxynudcwidyl trattsfense-incdiated 
dUTP-bkuin nx-le eod tabdina; AdSCMV./nJi t wad-type pS3 idemovinrtj Jdi, lanniFal 
d»xymidcoiidyl trftnsfentsc 
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Terminal Droxynudeotidyl Transferase The TUN EL assay was 

performed according to iho procure of Corczyca a at, (14). Briefly, after 
fixation and washing cells were resuspended in 50 of TdT buffet containing 
0.2 m sodium eacodjlate (pH 7.0), 2^ cnM Tris-HCl, mM O00 2 (Sigma 
ChcmiCBl Co., $t- Louis, MO), 0.1 mM DTT (Sigma Chemical Co-), 0-25 

mg/ml bovine serum albumin (Sigma Chemical Co,), 5 units of terminal 
transferase (Bochiingcr Mannheim, Indianapolis, CN), and 0.5 nmol bioiin- 
16-dUTT along with dATP, dGTP, and dCTP at concentrations of 20 ^m. 
Controls were prepared by incubaiing a separate aliquot of esch lest sample 
without dl/TP. The cells were incubated in the solution at 37*C Tor 30 roin, 
rinsed in PBS, and resuspended in 100 til of fluorescein isothiocyanate, the 
SUbiing solution containing AX SSC, 01% Triton X-100, and 2.5 jififoil 
fluorwecinsted avid in (Vector laboratories, Inc., Budirtgame, CA). Tubes 
were incubated for 30 min in the dark a! room temperature. Cells were rinsed 
in PBS with 0.1 Triton X-100 and resuspended in 0.5 ml PBS containing 
propidium iodide (5 fig/ml) and 70 fjJ (1 mg/rqt) UNAsc. Tubes were 
incubated in the dark on ice for 30 min before flow cytometric so&lysis. 

Flow Cytometric Analysts. AJ] samples were analyzed with the use of an 
EPICS Profile If flow eytemeter (Coulter Corp., Hialeah, FL) with the siajidord 
optical configuration. At teasl 10,000 events were counted for each sample. 
Fositivily for TdT cud labeling was determined by subtracting the control 
histogram from the test histogram with the use of the fanmuno-4 program of the 
Elite workstation software (Coulter Corp.). 

Cell Growth Assay. Cells were plated at a density of 2 X if/ ceils/ml in 
6- well plates in triplicate. Cells were infected with either the Ad5CMV-/tfJ or 
the replication-defective adenovirus (01312) as a control. Cells were harvested 
at different time intervals and counted, end their viability was determined by 
trypan blue exclusion. 

In Vivo Analysis for Apoptosis. Gene therapy in a microscopic residual 
disease model of SCCHN ha& been described elsewhere (13). Experiments 
were reviewed and approved by the institutional committees for both animnl 
Care and utilization and the Biosafely Committee for recombinant DMA 
research. Briefly, s.e. flaps were elevated In onc&lhctfzcd 4-6-wcctc-old nude 
female mice with sharp dissection, and 2.3 X 10° tumor cells in 100 pel of 
culture medium were pipetted into the flop and scaled with a horizontal 
mattress suture. Forty-eight h after tumor cell delivery, animals were reanes- 
Iheilied and infected wjth AdSCMV-pW, replication -defective virus (d!3l2), 
or PBS alone (mock Infection). The animals were observed daily and killed 72 
h after the second, or "therapeutic," Intervention. 

in Sity End Labeling* The procedure was performed as described else- 
where (IS). Briefly, paraffin -embedded tumor sections were dewaxed in xy- 
lene for 5 min three times each and were progressively hydrated by immersing 
the slides for 3 min each in 100, 90, 70* and 30% ethanol solutions. Endoge- 
nous peroxidase was inactivated by immersing the slides for 20 min in 0.75% 
H 2 0^ (v/v) in 100% methanol. Alter the slides were washed in PBS, sections 
were digested with 0.1% pepsin (Fisher Scientific Houston, TX; w/v) In 0.1 n 
HCl for 5 min at 37'C and extensively washed In PBS. Sections were then 
incubated in a moist chamber at 37°C foi 1 h with an end-labeling cocktail that 
included the following: 0.5 imit/p.1 TdT; 0-06 mM biotiay luted JUTP; 10 nl 
5X TdT buffer; and double -distil led water up to 50 ^1, The reaction was 
tQrminated by immersing the slides in a buffer containing 300 mM NqO a*d 30 
mM sodium citrate in double-distilled water. After the slides were washed in 
PBS, sections were incubated with horseradish peroxide-conjugated avidin for 
1 h <u 37X m a moist chamber. Staining was developed using 3,3'-cjbiiudo- 
benzidine, and sections wore coudterstained with methyl green. 

RESULTS 

Suppression of SCCHN Cell Line Growth by AdSCMV-jrfJ. 
We reported previously that wt-p£? can be efficiently transduced into 
SCCHN cell lines by a recombinant adenoviral vector. Consequently, 
the insulted tumor cells lose their ability to proliferate in vitro as well 
as in vivo. The suppression effect is independent of the endogenous p53 
status of the cell lines. Previous growth rate analyses were carried out 
through & 1-wcek period. Hero, we sought to investigate the early effects 
of the wi-p53 on SOCHN cell growth (Le,, after shorter time intervals). 

Two representative cell lines were used in this study. Cell Jine 
Tu-138 harbors a mutated p53 gene, whereas cell line MDA 686LN 
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Fig. 1- Composite growth Cttrwt of SCOKN cell lines. A, Ta-US; B, MDA 686LN, At 
each indicaud iim« point, Itirw dfehes of cells wtee uyp&iAtaed And egurttcd. TTtc mean 
Of CCtuitIS per 1 iip] irate dishea were plotted aftftins ibt riurtber OS hours postinfection. 
Son, SEM. 



possesses a vn~p53 gene. Cells infected with the replication-defective 
virus d!312 had growth rates similar to those of the mock-infected 
cells (Fig. l f A and B). On the other hand, growth of the Ad5CMV- 
p 5^infected Tu-138 (Fig. U) and MDA 686LN (Fig. IS) cells was 
significantly suppressed. It appeared that the exogenous p53 protein 
had an earlier and more profound suppressive effect on To- J 38 than 
on MDA 686LN. An apparent morphological change was observed in 
both cell lines, with portions of the cell populations rounding up and 
their outer membranes forming blebs. This resembled apoptosis and 
occurred concomitantly with the initiation of the growth suppression. 
Cells infected with the replication-defective adenovirus d!312 dem- 
onstrated normal growth characteristics with no bJstomorphological 
abnormalities. It is important that these effects were not observed after 
infection by Ad5CMV-p5J of karyotypically normal fibroblasts (13) 
or human oral keraiinocytes (immortalized but nontumorigeruc with 
endogenous wt-/>5J). 4 

DNA Fragmentation Analysis. One of the characteristic markers 
of apoptosis that distinguishes it from necrosis is the biochemically 
observable appearance of the ladder of DNA fragments. To confirm 
the assumption that the cells had undergone apoptosis after the 
Ad5CMY-/?55 infection, we performed DNA fragmentation anal- 
ysis. Chromosomal DNA extracted from the viable cells after 
infection whh the replication-defective virus or Ad5CMV-^J was 
subjected to agarose gel electrophoresis. The appearance of DNA 
fragments equivalent to approximately 200 bp, and their multiples 



4 C. L dayman, unpublished daia. 
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Fig. 2. f/i vino DNA fngrosntaOon ana lysis 
anw iafcdion whti A4j€MV-pS3, mock virus, 
or rcpliCtfiCn-dtfctlivt vires: A, to-138 cells 
(tn&Senttis muta(£d/>5J): £, MBA 6S6LN cells 
(emtosepco* wi-pij). Bah SCCHN ceil Un« 
were analysed in a lime course ejcperiinejU. 
Lew J ind 2 (from fc/jfc VWuffFl and JOO-bp 
OKA l»44c*3 Served as molecular mvto*, it- 
spectively; Iff/i* 3, mock infection at 24 h; Ian* 
4, repticttiop-dtfeaivt vims inteiien at 24 h; 
Line/ 5 and <S k Ad5CMV-p53 infedioft at 4 and 
8 h, raspecUvdy; lo*** 7 awl fi, A05CMV^ 
iofociioo ffl time periods as sbowiu 
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was noticed in both cell lines (Fig. 1). The fragmented DNA 
appeared 22 h after Ad5CMV-/tf3 infection in the Tu-138 cell line 
(Fig. 2A) and at 30 h in the MDA 686UN cell line- (Fig. 2fl), 
although they were more evident in tbe latter at 48 h. No detectable 
fragmented DNA emerged from the mock- j of acted or d!3l2- 
infected celts. 

In Vitro TdT Assay. Another characteristic marker of apoptosis is 
the morphological change and destruction of (tie structural organiza- 
tion of Ihe nucleus, which results in chromatin condensation. Electron 
microscopy has been used extensively to detect such ultrastrucrural 
operation. Recently, however, flow cytometric methods for identify- 
ing apoptotic cells have gained favor because of their greater ability to 
scan and analyze cellular populations (14). The TUNEL method used 
here is based on detection of the extensive DNA breakage to identify 
the apoptotic cells. Fifteen h after infection with Ad5CMV-p55, 4,496 
of tbe viable Tu-138 cell population was in apoptotic stages (Fig. 3A), 
yet we were unable to detect any fragmented DNA in their agarose 
gels done at thai time. 4 There appeared to be a delay in apoptosis 
induction in the MDA 686LN cells, with 4% of cells exhibiting 
detectable Dpoptosis IB h after the infection with Ad5CMV-/)5J (Fig. 
3B). This apparent discrepancy between the TUNEL assay and frag- 
mentation analysis is most likely due to the high sensitivity of the 
TUNEL assay. The Dumber of apoptotic cells increased proportionally 
to the duration of the AdSCMV-ptfJ incubation. Nearly 31% of the 
TU-138 cells had undergone apoplosis at 22 h. Although induction of 
apoptosis was at first delayed in MDA 686LN cells, approximately 
60% of these cells were in apoptotic stages Ad h after Ad5CMV-/>5J 
infection. It is noteworthy that the percentage of apoptotic cells may 
have been significantly underestimated by the TUNEL method be- 
cause only viable celts were subjected to the analysis. These data 
correlated well with the growth rate and DNA fragmentation analyses. 
There was no detectable apoptosis in control experiments with (he use 
of mock infection or replication-defective viral controls (100 mulli* 
plicity of infection). Therefore, apoptosis did nut appear to be a 
function of the transduced adenoviral gene products themselves. Sub- 
sequently, cells were counterstained with propidium iodide for their 
total DNA content and visualized with the use of nuclear fluorescence 
(Fig, 4, A-D). Fig. 4> A and 8 (Tu-138) and C and D (MDA 686LN), 
reveals that cells exhibit orange nuclear fluorescence with normal 
nuclear anatomy after infection with rtpiication-defeciive virus (Fig. 
4, A and C). In contrast, cells infected with AdSCMV-p5i showed 
green fluorescence with nuclear fragmentation (Fig. 4, B and D). 



In Vivo Analysis for Apoptosis. We showed previously that 
Ad5CMV-/>5J could suppress tumor formation in vivo. In this study r 
we investigated whether this suppression was the consequence of 
apoptosis. In situ end-labeling analysis was performed to detect ap- 
optotic cells in paraffio-embedded sections obtained from our previ- 
ous study (13, 15). No staining was observed in the tissue sections 
isolated from MDA 686LN-beahng animals which had received PBS 
treatment only as controls (Fig. 4£). On the other hand, tissue sections 
isolated from M.DA 686LN- bearing mice treated wjih Ad5CMV-p53 
were highly stained (Fig. 4F) t suggesting that apoptosis was the event 
involved in suppression of tumor growth in vivo. 

It has been shown that the WAFJ/ClPI gene, which may be induced 
after wt-oJi ovejexpression, is involved in cell cycle arrest (16). We 
sought to determine whether the tumor growth suppression we saw 
was due in part to the cell cycle arrest by the induced p21 protein or 
primarily to apoptosis. Western blotting showed that the p2l protein 
was induced in the Ad5CMV-j>5J-infected SCCHN cells. However, 
cell cycle analyses indicated that despite the elevated level of p2l 
protein in Ihe AdSCMV-pJi-infected cells, there was no significant 
accumulation of cells at G, as compared to 3 phase. 4 

DISCUSSION 

Tumor suppressor genes are only one of several groups of genes the 
transfer of which might be useful for the local and regional treatment 
of solid malignancies. Certainly, because of considerable evidence 
implicating mutations of the pS3 gene in human cancers, this has been 
one of the most extensively studied tumor suppressor genes to date. 
Studies have demonstrated that the growth of several different human 
cancer cell lines including colon (9), breast (17), osteosarcoma (18), 
and non-small cell lung cancer (19), can be functionally suppressed by 
wi-p53 with the use of a variety of methods of gene transfer. The 
mechanism through which wt-/?5J expression mediates its control, 
however, requires further elucidation. 

yfX'p53 has been shown to be involved in several aspects of cell 
growth control (20, 21). One of the functions of w>p5J as a tumor 
suppressor gene is to induce apoplosis in damaged cells. This process, 
however, is dependent on several known but yet to be characterized 
factors, not to mention cell type of origin and induced downstream 
effectors (9, 10). 

We demonstrated previously that the introduction Of wt-p5J Into 
SCCHN cell lines by a recombinant adenoviral vector suppressed the 
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growth of tumors both in vitro and in vivo. la study presented here, 
we sought 10 determine the mechanism response for the irreversible 
cyiocidal effect of the recombinant wx~p53 adenovirus in SCCHN. 

Because transfer and overexpression of wt-/?5i initiated tumor 
growth suppression, and the wi-p53 protein is one of several gene 
products that may induce apoptosis, we investigated whether apoptosis 
was the mechanism Involved in SCCHN. In vitro growth analysis 
showed that the growlb of both SCCHN cell lines was suppressed 
by the exogenous expression of wt-p53 protein, independent of 
their endogenous p5J status (whether mutated or wi). The effect 
occurred earlier and more profoundly in the endogenous! y mutated 
cell line, but growth was totally suppressed within 72 h in both of 
the SCCHN cell lines used (13). Whether this delay in suppression 
was a function of the endogenous p53 status of that cell line or of 
other related or unrelated molecular events remains to be investi- 
gated. It is important that Icaryotypically normal human fibroblasts 
(with endogenous wt-p5J) were insensitive to Ad5CMV-jnJ3 treat- 
ment despite adequate transduction. Similarly, noiun align ant hu- 
man immortalized oral kcratinocytes were equally unaffected by 
such treatment. These studies illustrate the specificity of this 
molecular approach, as well as its sparing of normal tissues, even 
if they are transduced, 

The SCCHN cell lines infected with AdSCMV-jtrfJ dearly mani- 
fested apoptosis, Nuclcosoma) DNA analysis revealed characteristic 
fragmented DNA laddering in both cell lines, with fragmentation 
occurring earlier in the endogenous! y mutated cells. Repjjcatlon- 
defedive virus produced no effect, suggesting that the process was not 



a function of transduced gene products unrelated to the p53 gene. 
In vitro TdT analysis cortdnoraLed both growth rate and DNA frag- 
mentation analyses, aJthough the assay proved to be more sensitive for 
the detection of earlier nuclear fragmentation and allowed the perusal 
of the overall tumor cell population. Moreover, in situ end labeling 
illustrated that apoptosis was also the mechanism involved in 
suppression of tumor growth in vivo. 

Multiple pathways may exist for induction of apoptosis, and these 
pathways may be regulated by interventions from upstream and/ox 
downstream factors. Accumulating evidence suggests that both in- 
dependent and p5i-independent apoptotic pathways exist (11, 22, 23). 
It is likely that multiple factors determine whether p53 mediates cell 
cycle arrest or apoptosis, including the histological source and em- 
bryonic origin of the cells, tbe constitutive molecular make-up of the 
cells, and factors relating to the transformation process. p53 Is prob- 
ably not a requirement for apoptosis in embryonic development be- 
cause n p53 knock-out** mice develop normally (24). In contrast, p53 
may be extremely important as a critical defense mechanism to induce 
apoptosis in cells that overexpress oncogenes or mutated tumor sup- 
pressor genes or are virally transformed. This has been shown in a 
Burkitt's lymphoma cell line which constitutive ly expressed an active 
Crmyc oncogene and underwent apoptosis after expression of exoge- 
nous p53 (25). Additionally, other factors, including the Bel family of 
genes and adenoviral ElB proteins, may block apoptosis in both 
/?5J-depcndeni and pJ3-independent pathways (26). 

The induction of WAFJ/ClPI in ^JJ-roediated.G, arrest and apop- 
tosis in response to DNA damage has also been reported (J 6). In our 



Kg. 3. Ubeli/ifi. of DNA to«aV$ in apeptoric nils with bioimy- 
toied dUTT by TUN EL mcehed. Alter Infection, now cyremeifie 
analysis for apoptosis was performed in a tim£ cdurSc experiment. A t 
To- 138 cells which are infected wiih 41312, a replication-defective 
adenovirus (A-T>), or AtfCMV<p5J (£-tfy fl, MDA 686LN cells 
which are infected with 01312, a replicanan-deTeclWc adenovirus 
{A-D% or will) Ad5CMV-p& (£-#)- V» apoprosis. 
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4 A-D> At vfrrt* analysts for apopUnia by nuclear fluorescence suining of SCCHN udl lints Td-1j8 oetts (A t B) ami MDA 6ft6*LN cells (C DX Twenty-two h afttt iofcetfon. 

CClh weft CYtQSpUD and fixed to 1% fonnaldcliydc; tti* TUNEL reaction wis parfwmed a) d*$crib«d to "Material! and Methods." Cells were tften comjttrjlaintJ with prOpdium iodide 

to vis*3jliie iheir total OKA content. A and C, orange staining of both ctfl lines infected with replica tion-d elective *tni« dl3l2 (100 multiplicity of infection) as & camroL B and A 
mfxtocc of green (jhtdlcutve of apoptosis) and orange fluorescence [ft both cell liitts infected with AdSCMV-pi3 adenovirus (100 moWplieiry of in tea i cm). Nuclear fragmentation, 
chafBOtttisuc of apoplosis, 'was only i«n in the etJU infected wrih AdSCMV-^JJ. X4QQ. $ and f, /n v|Vo analysis for apoptorfs fa on animal roodej of microscopic residual disease* 
At jtm cnd-(abcHiig analysis was performed on narflflin-emteftted section* obtained from MDA 6S6LN lumOr^nringnude mice fraro crur previous study (13). Oot of the tvmon was 
treated with only PBS as 1 control (£) and revealed no 4i£nUtttnJ *iav»ng for apoptotiV The other tumor wx$ treated with 10 T pleqoe- forming units of Ad5CMV-p53 v which suppressed 
tvmoj growth end induced extensive cpoplwfs wtthtn iht tumor (J 7 ). Apeplosi* wot «o< visualized tn any cdrrouedias normal tissues. * 63. 



study, despite ihe induction of WAF1/C1PI protein expression In ihe 
Ad5CMV^?iJ-infected cells,. 4 eel] cycle analysis revealed no evi- 
dence of arrest at O x before apoptosis, indicating that growth arrest is 
not a prerequisite for apoptosis but is a distinct process. Recently, 
E2F-1, a transcription factor that forms a complex with the retino- 



blastoma susceptibility gene product, RB, has been shown to cooper- 
ate with p53 in mediating apoptosis (27), indicating that the (wo tumor 
suppressor gene products RB and p53 interact wiih each other as 
checkpoint control regulators of Ihe cell cycle. The molecular mech- 
anisms that mediate such communication, as well as cross-talk among 
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other important cell cycle-regulating comr sts such as p!6, p2J, 
cydins, and cydin-dcpendent kinases remjWfo bo elucidated. 

In summary, the studies presented here demonstrated that 
A45CMV-p53 induced apoptosis in SCCHN but spared normal cells. 
In contrast, Roth tt ci. (19) found that the same intervention sup- 
pressed the growth of malignant non-small cell lung cancer celJs 
(H358) but did not induce apoptosis. This supports the concept that there 
are inherent constitutive differences between these neoplasms that may 
regulate the apoptotic process. We conclude that selective induction of 
apoptosis of solid malignancies that spares normal cells is an attractive 
Strategy for molecular therapy and requires further investigation. 
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